(2R*,4S*)-Methyl 2,3,4,5-tetrahydro-1,4-epoxy-1H-benz[b]azepine-2-carboxylate, C 12 H 13 NO 3 , (I), and its reduction product (2R*,4S*)-methyl 4-hydroxy-2,3,4,5-tetrahydro-1H-benz[b]azepine-2-carboxylate, C 12 H 15 NO 3 , (II), both crystallize as single enantiomers in the space group P2 1 2 1 2 1 , while the hydrolysis product (2RS,4SR)-4-hydroxy-2,3,4,5-tetrahydro-1H-benz[b]azepine-2-carboxylic acid, C 11 H 13 NO 3 , (III), and the lactone (2RS,5SR)-8-(trifluoromethoxy)-5,6-dihydro-1H-2,5-methanobenz[e] [1, 4] oxazocin-3(2H)-one, C 12 H 10 F 3 NO 3 , (IV), both crystallize as racemic mixtures in the space group P2 1 /c. The molecules of compound (IV) are linked into centrosymmetric R 2 2 (10) dimers by N-HÁ Á ÁO hydrogen bonds, and those of compound (I) are linked into chains by C-HÁ Á Á (arene) hydrogen bonds. A combination of O-HÁ Á ÁO and O-HÁ Á ÁN hydrogen bonds links the molecules of compound (III) into sheets containing equal numbers of R 4 4 (14) and R 4
Introduction
We report here the molecular and supramolecular structures of a series of four closely related benzazepine derivatives, corresponding to the intermediates (2R*,4S*)-methyl 2,3,4,5tetrahydro-1,4-epoxy-1H-benz[b]azepine-2-carboxylate, (I), and (2R*,4S*)-methyl 4-hydroxy-2,3,4,5-tetrahydro-1H-benz-[b]azepine-2-carboxylate, (II), in the synthetic sequence from a 2-allylaniline towards the formation of (2RS,4SR)-4-hydroxy-2,3,4,5-tetrahydro-1H-benz [b] azepine-2-carboxylic acid, (III), together with that of a related tricyclic by-product (2RS,5SR)-8-(trifluoromethoxy)-5,6-dihydro-1H-2,5-methanobenz[e] [1, 4] oxazocin-3(2H)-one, (IV) (see Scheme 1). Compounds of this type are of importance because of their potential value as antiparasitic agents (Gó mez-Ayala et al., 2010) . In this synthetic methodology (Gó mez Ayala et al., 2006; Acosta Quintero et al., 2012) , methyl 2-[(2-allylphenyl)amino]acetate was oxidized by aqueous hydrogen peroxide in the presence of a catalytic quantity of sodium tungstate to form the epoxide (I). Reduction of (I) with zinc and mixed acetic and hydrochloric acids gave the alcohol (II), hydrolysis of which gave the hydroxy acid (III). On the other hand, similar reduction of the trifluoromethoxy derivative (V), analogous to (I) (see Scheme 1), gave as a minor by-product the tricyclic lactone (IV), in addition to the expected alcohol (VI), with a product ratio of ca 1:6, but unfortunately, all attempts to separate these compounds, either by column chromatography or by recrystallization, were unsuccessful. Lactones such as (IV) could also be envisaged as arising by an intramolecular esterification reaction of the corresponding hydroxy acid. Benzazepin-4-ols similar to compounds (II) and (III) have recently been described having either vinyl substituents (Acosta et al., 2009) or thienyl substituents (Blanco et al., 2009 ) at position 2. peroxide solution (16 mmol), were added to a stirred and cooled (273 K) solution of methyl 2-[(2-allylphenyl)amino]acetate (4 mmol) in methanol (25 ml). The resulting mixture was then stirred at ambient temperature for 18 h and monitored by thin-layer chromatography (TLC). The mixture was filtered and the solvent was removed under reduced pressure. Toluene (15 ml) was added to the black solid residue and the resulting solution was heated under reflux for 6 h. After cooling the solution to ambient temperature, the solvent was removed under reduced pressure and the crude product was subjected to column chromatographic purification over silica gel using heptane-ethyl acetate (3:1 v/v) as eluent. Crystallization from heptane, at ambient temperature and in the presence of air, gave colourless crystals of compound (I) suitable for single-crystal X-ray diffraction (yield 48%, m.p. 388-389 K) . HRMS, m/z found 219.0899, C 12 H 13 NO 3 requires 219.0895. For the synthesis of compounds (II) and (IV), zinc powder (40 mmol), glacial acetic acid (28 mmol) and concentrated hydrochloric acid (28 mmol) were added to stirred and cooled (273 K) solutions of the corresponding (2RS,4SR)-methyl 2,3,4,5-tetrahydro-1,4-epoxybenz[b]azepine-2-carboxylates, prepared as for (I) (2 mmol) in methanol (10 ml). The resulting mixtures were stirred at 273 K for 1.5 h and monitored by TLC. Each mixture was filtered and the filtrate was basified to pH 8 with aqueous ammonia solution (25%), and then extracted with ethyl acetate (3 Â 40 ml). For each, the combined organic extracts were dried over anhy-drous sodium sulfate and then the solvent was removed under reduced pressure. For (II), the resulting crude product was purified by silica-gel column chromatography using heptaneethyl acetate as eluent (from 3:1 to 1:1 v/v). Crystallization from heptane-ethyl acetate (30:1 v/v) at ambient temperature and in the presence of air gave colourless crystals of (II) suitable for single-crystal X-ray diffraction (yield 87%, m.p. 398-399 K) . HRMS, m/z found 221.1054, C 12 H 15 NO 3 requires 221.1052. The trifluoromethoxy analogue was shown by 1 H NMR spectroscopy to consist of a 6.1:1 mixture of compounds (VI) and (IV), with a combined yield of 91%, corresponding to yields of 78 and 13% for (VI) and (IV), respectively. This mixture was recrystallized from heptaneethyl acetate (30:1 v/v) in the presence of activated carbon with the aim of removing the minor product; the crystals which resulted had a sharp m.p. of 345-346 K, but proved to be still a mixture of (IV) and (VI), as the crystal selected for singlecrystal X-ray diffraction proved to be of compound (IV), rather than the expected (VI). For (IV), MS (70 eV), m/z (%) 273 (M + , 40), 228 (100), 214 (28), 202 (34), 201 (31), 188 (6); no HRMS data were obtained for this compound. For (VI), HRMS, m/z found 305.0871, C 13 H 14 F 3 NO 4 requires 305.0875. Because no satisfactory bulk separation of compounds (IV) and (VI) could be achieved, the individual m.p. values could not be determined. For the synthesis of compound (III), aqueous sodium hydroxide solution (1 mol dm À3 , 0.55 mmol) was added to a stirred solution of compound (II) (0.50 mmol) in methanol (1 ml). The reaction mixture was stirred at 273 K for 30 min. Then hydrochloric acid solution (1 mol dm À3 ) was added slowly to the reaction mixture until a pH of 3.5 was achieved, and the reaction product was extracted with ethyl acetate (3 Â 50 ml). The combined organic extracts were dried over anhydrous sodium sulfate and then the solvent was removed under reduced pressure. The resulting crude product was purified by crystallization, at ambient temperature and in air, from ethyl acetate-methanol (20:1 v/v) to give colourless crystals of (III) suitable for single-crystal X-ray diffraction (yield 84%, m.p. 437-438 K). HRMS, m/z found 207.0905, C 11 H 13 NO 3 requires 207.0895.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and subsequently treated as riding atoms. H atoms bonded to C atoms were permitted to ride in geometrically idealized positions, with C-H = 0.95 (aromatic), 0.98 (CH 3 ), 0.99 (CH 2 ) or 1.00 Å (aliphatic C-H) and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other H atoms bonded to C atoms. H atoms bonded to N atoms were permitted to ride at the positions located in difference maps, with U iso (H) = 1.2U eq (N), giving the N-H distances shown in Table 2 . Several low-angle reflections which had been partially or completely attenuated by the beam stop were omitted from the final refinements, viz. for (I), 101, 012 and 002; for (II), 012; for (III), 011, 110 and À111; for (IV), 011 and 200. The values of the Flack x parameters (Flack, 1983) for compounds (I) and (II) were indeterminate (Flack & Bernardinelli, 2000) , with values of À1.0 (14) for 975 Bijvoet pairs (99.3% coverage) and 1 (3) for 983 Bijvoet pairs (96.8% coverage), respectively; accordingly, the Friedel-equivalent reflections were merged prior to the final refinements and the reference molecules for (I) and (II) were selected as those having the R configuration at atom C2.
Figure 1
The molecular structure of the (2R,4S) enantiomer of compound (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 2
The molecular structure of the (2R,4S) enantiomer of compound (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The molecular structure of the (2R,4S) enantiomer of compound (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 4
The molecular structure of the (2R,5S) enantiomer of compound (IV), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Results and discussion
In each of compounds (I)-(IV), the molecule contains two stereogenic centres and the relative stereochemistry at these two centres is the same in each of compounds (I)-(IV). The purposes of the present study are threefold: firstly, to confirm the integrity of the relative stereochemistries of compounds (I)-(IV) during the transformations described (Scheme 1), as noted above; secondly, to show how minor changes of substituent and/or functionality on a common fused-ring skeleton can lead to significant changes in the patterns of supramolecular assembly; and thirdly, to establish definitively the molecular constitution of compound (IV). For each compound, the reference molecule was selected to be one having the R configuration at atom C2; on this basis, the reference molecules in compounds (I)-(III) all have the S configuration at atom C4, while the reference molecule of compound (IV) has the S configuration at the corresponding atom, here labelled C5 (cf. Figs. 1-4 ). Compounds (III) and (IV) both crystallize in the space group P2 1 /c as racemic mixtures, but compounds (I) and (II) both crystallize in the Sohnke space group P2 1 2 1 2 1 . Hence, in the absence of inversion twinning, for which no evidence was found, each crystal of compounds (I) and (II) contains only a single enantiomer. In the absence of significant resonant scattering, it was not possible to determine the absolute configurations of the molecules of (I) and (II) in the crystals selected for data collection, and hence the configuration of the reference mol-ecules have been assigned to match those selected for the reference molecules in compounds (III) and (IV). In view of both of the synthetic procedures employed for the production of compounds (I) and (II), which utilize no enantioselective reagents, and of the racemic nature of compounds (II) and (IV), it seems probable that compounds (I) and (II) are both formed in solution as racemic mixtures, but that they crystallize as conglomerates rather than as racemates.
The H atom of the carboxylic acid group in compound (III) is fully ordered and the C21-O21 and C21-O22 bond lengths are similar to the corresponding distances in the esters, compounds (I) and (II) ( Table 2 Hydrogen bonds and short intramolecular contacts (Å , ) for compounds (I)-(IV).
Cg1 represents the centroid of the C5A/C6-C9/C9A ring.
Symmetry codes: (i) x À 1 2 , Ày + 1 2 , Àz + 1; (ii) Àx + 1, y À 1 2 , Àz + 1 2 ; (iii) x + 1 2 , Ày + 3 2 , Àz; (iv) Àx, y + 1 2 , Àz + 1 2 ; (v) x, Ày + 1 2 , z + 1 2 ; (vi) Àx + 1, Ày + 1, Àz + 1.
Figure 5
Part of the crystal structure of compound (IV), showing the formation of a centrosymmetric R 2 2 (10) dimer built from paired N-HÁ Á ÁO hydrogen bonds. For the sake of clarity, H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (Àx + 1, Ày + 1, Àz + 1).
Figure 6
A stereoview of part of the crystal structure of compound (I), showing the formation of a chain along [100] built from C-HÁ Á Á(arene) hydrogen bonds. For the sake of clarity, H atoms not involved in the motif shown have been omitted. Table 3 Selected bond lengths (Å ) for compounds (I)-(III). (6) 1.329 (2) The corresponding values for compound (IV) are C3-O31 = 1.212 (2) Å and C3-O4 = 1.343 (2) Å .
atom N1, with a sum of the interbond angles of 330 [corresponding values for (II) and (IV) are 343 and 345 , respectively], there is no evidence for any zwitterion formation by transfer of a proton from atom O22 to atom N1. The remaining bond lengths in compounds (I)-(IV) present no unexpected features. The hydrogen-bonded supramolecular assembly in compounds (I)-(IV) is of considerable interest, as the resulting supramolecular structures range from a simple dimer in compound (IV), via a chain in compound (I) and a sheet in compound (III), to a three-dimensional framework structure in compound (II). It may be noted here that while the structures of (I)-(IV) encompass a variety of hydrogen-bond types, aromaticstacking interactions are absent from all of the structures reported here. It is convenient to consider the supramolecular assembly in (I)-(IV) in order of increasing complexity.
The crystal structure of compound (IV) contains just one type of hydrogen bond (Table 2) and inversion-related pairs of N-HÁ Á ÁO hydrogen bonds link the molecules into centrosymmetric dimers characterized by an R 2 2 (10) (Bernstein et al., 1995) motif (Fig. 5 ). There are no direction-specific interactions between adjacent dimers, so that the assembly is finite and can be regarded as zero-dimensional. The supramolecular assembly in compound (I) is again determined by just one type of hydrogen bond, this time of the C-HÁ Á Á(arene) type (Table 2) , which links molecules related by the 2 1 screw axis along (x, 1 4 , 1 2 ) to form a chain running parallel to the [100] direction (Fig. 6 ).
The supramolecular assembly in compound (III) is determined by two hydrogen bonds, one each of the O-HÁ Á ÁN and O-HÁ Á ÁO types, both of which are nearly linear ( Table 2 ). The N-H bond plays no part in the supramolecular assembly, making only a short intramolecular contact with the carbonyl O atom, in which the N-HÁ Á ÁO angle (Table 2) is too small for this to be regarded as a structurally significant interaction, but there are no other potential acceptors within range of atom N1 for plausible intermolecular hydrogen-bond formation. A stereoview of part of the crystal structure of compound (III), showing the formation of a hydrogen-bonded sheet parallel to (100) and built from R 4 4 (14) and R 4 4 (26) rings. For the sake of clarity, H atoms bonded to C or N atoms have been omitted.
Figure 8
A projection of a sheet in compound (III), parallel to (100) and viewed along [001], showing the puckering of the sheet. For the sake of clarity, H atoms bonded to C or N atoms have been omitted.
Figure 9
Part of the crystal structure of compound (II), showing the formation of a chain of rings along [010] built from three-centre O-HÁ Á Á(N,O) hydrogen bonds. For the sake of clarity, H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions (Àx + 1, y À 1 2 , Àz + 1 2 ) and (Àx + 1, y + 1 2 , Àz + 1 2 ), respectively.
by the c-glide plane at y = 1 2 into a C(6) (Bernstein et al., 1995) chain running parallel to the [001] direction. The O-HÁ Á ÁO hydrogen bond, where the carboxylic acid group provides the donor, links molecules related by the 2 1 screw axis along (0, y, 1 4 ) into a C (7) chain running parallel to the [010] direction. The combination of the two hydrogen bonds generates a sheet lying parallel to (100) and built from centrosymmetric R 4 4 (14) and R 4 4 (26) rings arranged in a chessboard pattern (Fig. 7) . The smaller rings are centred at (0, m, 1 2 + n) and (0, 1 2 + m, n), and the larger rings are centred at (0, m, n) and (0, 1 2 + m, 1 2 + n), where m and n represent integers in all cases. Although both types of ring in the reference sheet are centred at x = 0, the sheet is markedly puckered, and it occupies the entire domain of x (Fig. 8) ; there are no direction-specific interactions between adjacent sheets. Four molecules, arranged in two inversion-related pairs, contribute to each type of ring. In the smaller R 4 4 (14) ring, each of the four component molecules acts as both a hydrogen-bond donor and as a hydrogen-bond acceptor, but in the larger R 4 4 (26) ring, one pair of inversion-related molecules acts as a twofold donor of hydrogen bonds while the other pair acts as a twofold acceptor ( Fig. 7) .
There are only two independent hydrogen bonds in the structure of compound (II); one is a planar three-centre O-HÁ Á Á(N,O) hydrogen bond and the other is a C-HÁ Á Á(arene) hydrogen bond (Table 2) . However, these two interactions generate a three-dimensional framework structure, whose formation is readily analysed in terms of three one-dimensional substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) . The three-centre hydrogen bond, when acting alone, links molecules related by the 2 1 screw axis along ( 1 2 , y, 1 4 ) into a C(6)C(7)[R 2 1 (5)] chain of rings (Bernstein et al., 1995) running parallel to the [010] direction (Fig. 9 ). The C-HÁ Á Á(arene) hydrogen bond, again when acting alone, links molecules related by the 2 1 screw axis along (x, 3 4 , 0) into a chain running parallel to the [100] direction (Fig. 10 ). In combination, the two types of hydrogen bond generate a chain running parallel to the [001] direction in which the O-HÁ Á Á(N,O) and C-HÁ Á Á(arene) hydrogen bonds alternate (Fig. 11 ). The combination of the chains along [100], [010] and [001] is sufficient to generate a continuous three-dimensional structure.
It is of interest briefly to compare the supramolecular assembly in compounds (I)-(IV) reported here with that in some related compounds. In simple 1,4-epoxy-1-benzazepines analogous to compound (I), the direction-specific intermolecular interactions are generally restricted to C-HÁ Á ÁO and C-HÁ Á Á(arene) hydrogen bonds, along with aromatic stacking interactions but, nonetheless, these interactions can give rise to supramolecular assembly in zero, one, two or three dimensions (e.g. Gó mez et al., 2008 Gó mez et al., , 2009 Sanabria et al., 2010) . Compounds (VII)-(IX) (see Scheme 2) (Acosta et al., 2009) , which are analogues of compound (II), are isomorphous but not strictly isostructural, as small variations in the unit-cell dimensions preclude in the structure of compound (IX) one of the intermolecular interactions present in the structures of compounds (VII) and (VIII). In the structure of (IX), a combination of O-HÁ Á ÁN and N-HÁ Á ÁO hydrogen bonds gives rise to a chain of edge- fused R 3 3 (10) rings; similar chains are present also in compounds (VII) and (VIII) where, in addition, they are linked into sheets by C-HÁ Á Á(arene) hydrogen bonds. Compounds (X) and (XI) both crystallize with Z 0 = 2 in the space group P1 (Blanco et al., 2012) ; in both compounds, the hydroxy H atoms are all disordered over two sites with equal occupancy, and O-HÁ Á ÁO hydrogen bonds give rise to C 4 4 (8) chains within which the locations of the hydroxy H atoms are fully correlated, but with no necessary correlation of the directions of the hydrogen bonds in adjacent chains. An isolated example of a 1-benzazepine derivative carrying both a hydroxy substituent and a non-esterified carboxylic acid group, and hence comparable with compound (III), is provided by 1-acetyl-4-benzoyl-2-hydroxy-2,3,4,5-tetrahydro-1H-benz[b]azepine-5-carboxylic acid, (XII) [Cambridge Structural Database (CSD; Allen, 2002) refcode DOJJER; Coda et al., 1986] . Unfortunately, the atomic coordinates deposited in the CSD do not include any H atoms, while the non-H atoms of the asymmetric unit are distributed amongst three separate molecules. However, the C-O distances of the carboxylic acid group (1.211 and 1.320 Å , no s.u. values available) indicate the presence of an un-ionized -COOH group. Based on this conclusion and an examination of the intermolecular NÁ Á ÁO and OÁ Á ÁO distances, the main features of the supramolecular assembly can be deduced, despite the absence of any H-atom coordinates; the carboxylic acid OH group acts as hydrogen-bond donor to the amidic O atom, and the hydroxy group acts as a hydrogen-bond donor to the carbonyl O atom of the carboxylic acid group, but the N atom plays no part in the supramolecular assembly. Overall, molecules related by a 2 1 screw axis along [001] are linked by these two hydrogen bonds to form a C(8)C(9)[R 2 2 (10)] chain of rings running parallel to the [001] direction (Fig. 12) .
In summary, we have demonstrated the preservation of the relative stereochemistry throughout the reaction sequence from compound (I), we have established the molecular constitution of compound (IV) and we have shown how minor changes in molecular constitution in the related compounds (I)-(XII) can lead to marked changes in supramolecular assembly. For all compounds, data collection: COLLECT (Hooft, 1998) ; cell refinement: DIRAX/LSQ (Duisenberg et al., 2000) ;
data reduction: EVALCCD (Duisenberg et al., 2003) ; program(s) used to solve structure: SIR2004 (Burla et al., 2005) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009 ). Software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 ) for (I); SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 ) for (II), (III), (IV). 118.0 (2) H22B-C22-H22C 109.5 (9) 0.0184 (9) 0.0008 (7) 0.0056 (7) 0.0019 (7) (7) 0.0026 (6) 0.0026 (6) 0.0023 (6) C2 0.0210 (9) 0.0196 (9) 0.0255 (9) 0.0005 (7) 0.0056 (7) −0.0005 (7) C3 0.0205 (9) 0.0220 (9) 0.0246 (9) 0.0004 (7) 0.0070 (7) 0.0019 (8) O31 0.0256 (7) 0.0224 (7) 0.0333 (7) −0.0016 (5) 0.0018 (6) −0.0026 (6) O4 0.0258 (7) 0.0200 (6) 0.0270 (7) 0.0039 (5) 0.0026 (5) −0.0001 (5) C5 0.0270 (10) 0.0232 (9) 0.0199 (8) 0.0007 (8) 0.0015 (7) −0.0003 (7) C6 0.0223 (9) 0.0327 (10) 0.0187 (8) 0.0025 (8) 0.0014 (7) 0.0033 (8) C6A 0.0230 (9) 0.0200 (9) 0.0195 (9) −0.0014 (7) 0.0017 (7) −0.0003 (7) C7 0.0220 (9) 0.0212 (9) 0.0214 (9) −0.0011 (7) −0.0008 (7) −0.0005 (7) C8 0.0223 (9) 0.0215 (9) 0.0222 (9) −0.0040 (7) 0.0065 (7) −0.0026 (7) C9 0.0319 (10) 0.0200 (9) 0.0187 (8) −0.0018 (8) 0.0022 (8) 0.0009 (7) C10 0.0250 (9) 0.0188 (9) 0.0217 (9) 0.0007 (7) −0.0018 (7) 0.0010 (7) C10A 0.0223 (9) 0.0155 (8) 0.0224 (9) −0.0013 (7) 0.0019 (7) −0.0031 (7) C25 0.0259 (9) 0.0213 (9) 0.0234 (9) 0.0007 (7) 0.0064 (7) −0.0002 (7) O81 0.0241 (7) 0.0261 (7) 0.0266 (7) −0.0042 (5) 0.0091 (5) −0.0010 (6) C81 0.0243 (10) 0.0318 (11) 0.0215 (9) −0.0023 (8) 0.0041 (8) −0.0005 (8) F81 0.0403 (7) 0.0338 (7) 0.0308 (6) 0.0084 (5) 0.0097 (5) 0.0075 (5) 
(I) (2R*,4S*)-Methyl 2,3,4,5-tetrahydro-1,4-epoxy-1H-benz[b]azepine-2-carboxylate
O14-N1-C2-C21 −83.6 (2) C6-C5A-C9A-C9 −2.3 (4) C9A-N1-C2-C21 162.07 (19) C5-C5A-C9A-C9 176.1 (2) O14-N1-C2-C3 36.3 (2) C6-C5A-C9A-N1 178.8 (2) C9A-N1-C2-C3 −78.1 (2) C5-C5A-C9A-N1 −2.8 (3) N1-C2-C3-C4 −11.5 (2) O14-N1-C9A-C9 154.2 (2) C21-C2-C3-C4 104.5 (2) C2-N1-C9A-C9 −95.8 (3) C2-C3-C4-O14 −17.3 (2) O14-N1-C9A-C5A −26.9 (3) C2-C3-C4-C5 98.7 (2) C2-N1-C9A-C5A 83.1 (3) O14-C4-C5-C5A 47.3 (2) C9A-N1-O14-C4 66.8 (2) C3-C4-C5-C5A −66.8 (3) C2-N1-O14-C4 −48.6 (2) C4-C5-C5A-C9A −7.6 (3) C5-C4-O14-N1 −79.5 (2) C4-C5-C5A-C6 170.8 (2) C3-C4-O14-N1 41.2 (2) C9A-C5A-C6-C7 1.1 (4) N1-C2-C21-O21 99.8 (3) C5-C5A-C6-C7 −177.3 (2) C3-C2-C21-O21 −14.8 (3) C5A-C6-C7-C8 0.8 (4) N1-C2-C21-O22 −78.7 (2) C6-C7-C8-C9 −1.6 (4) C3-C2-C21-O22 166.7 (2) C7-C8-C9-C9A 0.4 (4) O21-C21-O22-C22 −0.3 (3) C8-C9-C9A-C5A 1.6 (4) C2-C21-O22-C22 178.2 (2) C8-C9-C9A-
Selected bond lengths (Å) for compounds (I)-(III)
Parameter (I) (II) (III) C21-O21 1.203 (3) 1.211 (6) 1.211 (2) C21-O22 1.346 (3) 1.318 (6) 1.329 (2) The correpsonding values for compound (IV) are C3-O31 = 1.212 (2) Å and C3-O4 = 1.343 (2) Å.
Hydrogen bonds and short intramolecular contacts (Å, °) for compounds (I)-(IV)
Compound Cg1 represents the centroid of the C5A/C6-C9/C9A ring. Symmetry codes: (i) x-1/2, -y+1/2, -z+1; (ii) -x+1, y-1/2, -z+1/2; (iii) x+1/2, -y+3/2, -z; (iv) -x, y+1/2, -z+1/2; (v) x, -y+1/2, z+1/2; (vi) -x+1, -y+1, -z+1.
